Introduction

53
Methods
54
Data 55 Effect of different factors on the current biological status of major tuna and billfish stocks. 56 Effect of management regulations on depleted stocks.
57
Results and discussion 58 Effect of different factors on the current biological status of major tuna and billfish stocks. 59 Effect of management regulations on depleted stocks. The oceans have been subjected to intensive fishing pressure over the past 60 years, with 67 fisheries expanding to new geographic areas, shifting from coastal to pelagic environments 68 (Swartz et al. 2010 ). As a result, an estimated 28-33% of the large well-assessed fisheries of the were used to suggest that industrial fishing pressure had reduced the abundance of tunas and 88 billfishes (and other ocean predators) by 90% from preindustrial levels (Myers and Worm 2003) . 89 More recent studies based on biomass trends estimated from stock assessment models found that 90 tunas and their relatives had actually declined by an average of 60% from unfished levels (Juan- Although the status of tunas and billfishes is well documented in the literature, the factors that 96 drive the current status of these stocks are often not jointly analyzed. For example, life history 97 strategies can affect the probability of stock collapse of many fish species (Reynolds et al. 2005) . 98 Tunas and billfishes range from small tunas and marlins with rapid growth rates and short Moreover, economic factors may be equally or more important in determining stock status. 108 Fishery profits, and not the trophic levels and associated characteristics of the target species, 109 were found to be the dominant driver of historical fishery development patterns in a study that 110 covered a wide range of stocks (Sethi et al. 2010 To evaluate our first objective in analyzing which factors can predict the biological status of tuna 181 and billfish stocks, we assessed the effect and importance of each predictor ( (Table S2) . (Table   224 S3). since it is too early to see the effects of this measure on stock status (Table 2) . Before conducting random forest analyses, predictors were tested for collinearity using variance 256 inflation factors (VIF) (see supporting information, Table S4 ). In addition, we presented in the 257 main text the results from the average of the 10 years leading up to the last assessment for both 258 performance measures (B/BMSY and F/FMSY). However, we also considered the last year assessed 259 and a period of 5 years leading up to the last assessment for sensitivity analyses in the random 260 forest analysis finding that the results were not sensitive to the period of time selected (Fig. S4 ). We conducted two sensitivity analyses, one removing the bluefin tuna stock from the eastern 273 Atlantic, since it is an outlier in the rate-of-change data ( In general, the status of tuna and billfish stocks is the product of diverse exploitation histories, 318 biological characteristics, economic incentives, and management strategies (Fig. 3) . The most 319 important predictor variables affecting both performance measures were MSY and market price. 320 The year of fishery development also affected the F/FMSY ratio and the implementation of quotas 321 16 the B/BMSY ratio (Fig. 3) (Fig. 4) Tunas and billfishes showed opposite influences of GT and market price. For tunas, higher 329 market price and longer GT were associated with higher rates of overfishing (higher F/FMSY).
330
Regarding the trends in biomass, a lower B/BMSY was observed for highly valuable tunas, 331 however, the trend for GT was not as clear (Fig. 4) . On the contrary, for billfishes, lower market 332 price and shorter GT were associated with higher F/FMSY and lower B/BMSY (Fig. 4) . These Twelve stocks (30%) had no management measures in place in the last 10 year period (Table 2) . 345 The other 28 stocks had at least one management measure in place during the past 10 years. Most (Fig. 5a-b) . Notably, TACs generally have been implemented on less 355 abundant stocks that are already overfished (Fig. 5a-b) . For example, the eastern and western look at the rate of change over the last 10 years, the biomass of TAC-managed stocks is 361 increasing, and fishing mortality is declining, unlike those managed by input controls or with no 362 controls ( Fig. 5c-d) . Using a random forest analysis, we identified management measures influencing the recovery of 365 stocks that were below BMSY (17 stocks) or were experiencing fishing mortality above FMSY (19 366 stocks) 10 years before the last assessment. We found that previously-depleted tuna and billfish 367 18 stocks that were under some type of management measure showed improvements over the 10-368 year period leading up to the last stock assessment, with biomass increasing and fishing mortality 369 decreasing over time (Fig. S4) . Of all management measures considered, the number of years 370 since TAC implementation had the strongest effect on stock rebuilding, especially on increasing 371 biomass, but also to some extent on decreasing fishing mortality (Fig. 6) We plotted changes in status for stocks that were below target reference levels (B<BMSY and 385 F>FMSY) 10 years before the last assessment, highlighting stocks with and without TACs (Fig. 7) 386 to show the change in status. Stocks with TACs showed a decrease in fishing mortality (arrows 387 moving from the upper left to the lower left quadrant) and an increase in biomass (arrows 388 moving from the left to the right) (Fig. 7) . This is a clear signal of rebuilding; fishing mortality is 389 reduced and thus biomass increases. Although fishing mortality was reduced for most stocks 390 without TACs, most of these stocks still show a decrease in biomass, consistent with the results 391 from the random forest analysis (Fig. 6) . The area of circles within each plot is proportional to MSY (mt). 
